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1. Introduction

Figure I illustrates the various stages of a Dlock IV receiver.

Vnriom bondposs filtering occurs in the chain of IF stages in

the rcccivcr before the signal is demodulated. cilher with a

ph:lse I(wk loop. when residun! carrier signals are rcceivid, or

I),i; h a COSIM loop, when suppressed carrier signals are

received, In either me, there will be asymmetric bmrdpfiss

Iiltcring on the received signal spectrum. The Lxmfpass filters

follt~lvirlg Ilw ~lrst nliscr.mnplifier will always hove their center

t’reqmwcies line Np with the proper IF frequencies. when

carrier tracking is achieved so tlmt the VCO is in frequency

Itwk with the received carrier. Nevertheless. filtering on the

siSn:ll Spcctrunt is still not cxaclly symmetrical with respect to

rhc cclltcr frcqucrwy, due to limitations in bmdpms tlltcr

i!tsigns. The cltwlimsnt asymmetric tlltering etTect, however.

~t\IIIM fr~ml IIIC nmwr amplilicr, wllictl precedes lhe Iirsl

nlixcr-:lnlplificr in the receiver IF clurin. Since the mmcr

:Inlptillcr is in frml[ (~f Ilte Iirst rltiser.attl~~litler. the rcccivwl

carrier does not nccesswily line uil tvilh the ccnttr frcqucnty

of the maser when there are Doppler offsets. Because of these

effects there will be phase shifts on the recons!rmlcd carrier.

and the CXOCt 31110tln[ wilt be Doppler Stld fll~s~r-L-!)firilC!~risli~

dependent. It is true. however, tll:lt tl;csc ph:lse shifts will

occur on the residwrl c:lrrier loop’s rcwmslruclcd c:lrricr. :1s

well ;1son that of the Coslss loop.
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CostaS loop utilizes the Whole Signal spectrum in recon.

slrucling its carrier plxssc, it is unclear how severe the effect of

asymmetric bandpass filtering will be on the plme shift of the

reconstructed carrier in the prescncc of Doppler offsets.

An analytical approach is attempted in order to answer this

question quantitatively in this paper. N!emtrcd results are also

olltainetl (Ref. 2) which are in fair agreement with these

analysis results. In otlr analyses, the dominant bmst!pass

filtering is ossnmcd to be the maser. which is approximated by

a two-pole Tchebycheff chnr;wteristic with a I.dl? b~ndwidth

:Ipproximolcly cquo[ to 3.5 times the cksta speclrum. It is

found tlurt, in tile case of tile C’ostas 100P. tlte Doppler offset

lxrs to bc :tpproxinwtety on tile order of one.tllird tile filter

b:mdwidtll in order to creitte phase shifts on the order of 25

degrees, For a 30 hlSPS data rote, this implies Doppler offsets

of .?0 Ml Iz or more, wllicli is nmclI Iargcr than the realistic

Doppler offsets of practical interest. For realistic valtles of

[Joppler offsets around I htllz. the phase shift will be on the

Order of I dcgrcc,

Il. Analysis

III [he presence of floppler offsets. tile plume of the

reconslrtwtcd Currier of 3 residual cdrrier tracking loop is

lmsic:tlly dctcrmincd by the phme dckry characteristic of the

moscr ompliticr St the detuned carrier frequency. relative to

Ihc ccntrr frcqutncy of the maser. In Ihc crsc of Illc Cos[us
I,wp. sine.C the entirely Of tllc sign31 spectrum is used 10

rec(mslrtlcl Ihc twrricr pll:lw, Illis phase will (icpcnd upon IIN

m:lscr clcl:ly ch:lcrclcristics at Ihc dctuned carrier frequency m

WCII :1s:11311the lulrmonics in the d:lta spectrum.

Sqm]rc.wm’c d:It:I 113s the Iligllcsl number of [transitions of

any d:lta strewn. nnd thus will suffer the most phase distortion

dllc 10 tlltcring. Thus if the rcccived signal is assumed to bc

squ:trc.wave nwdul:lted. the results oblained will bc the worst

me bound. Since a squnre.wave can bc represented by the
F(>tlricr series.

= 4 (-l)k
‘l:A+I )? Yi+l

‘(:5%, Cos %--ys—

- k=O 1[

where T is the symbol durot ion, and wlwrc O

plurse, to be tracked by tltc COS!JS loop, Let

transfer function of the maser Char: wtcrislic.

output with input .$(I) will be given by

. 1 [( 27(2L+ 1))$(/) =; ~ a:k+, O-t:k+l)cos W,. - - j,-- ~
- ~=o I

1‘u+~+k+l) (-/)

where in Eq. (4) a,, :md $,, denote the :Impliludc ond ph:lw

rcsponws of Ihc b:lndp:lss (Il:lr:lctcrislic f;(w). :11 tJ = w,, +
H2n/T. respectively. In other wtmls.

The OpWItiOll Of the COSlOS kWp i$ id~lll il.i]l ill ptrf~!r.

mnnce to that of the squsring hp. uilich squirts II IL’Iitlcrcd

siyral.;(f) and Irocks the 2w,, conlpontnl. Dcllninp

(41,, n,, iflt>O

.4,, =

1

((~)

Ust iflt<O- ?1 ,1
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tile signol .$(I) can be written, from (4). as:

-,,=:- [(QC+Y)I+O+P,,]
.1(/)=: ~ A,, cm

?I=otrtl

The squared signal [.?(r)] 2 is equal to

u Q.-” ,,, =-”

Q,ot=odd

(
~ [( )~w +2!!M!!Q ~+~o+pq+flcm c T 1w
[ 1

+Co$ 21!&@ t+flQ-/J,, I
T \

(s)

The component at 20= in [~(r)] 2, which will be tracked by

the squaring loop. is observed from ~q. (8) to be:

1 ~ A,/t ,.0s [2GJCI+2(J +0,+0 .,] (9).s’(/) = ~
~=1 -

which. after some simple algebra. can also be written in the

following fornt:

y(l) = +Ucos [2 (W,.f+ 0+ 2$1 (lo)

wrkl where

c 2k+l

fork=O, l s, -, ....

=A J = ({l:k+l):n:~+l ‘-(:k *t)2k+l -(2k+l)

(1.1)

The phmc shift in the COSIM loop’s rcconstrurlcd ctrricr f{~r

sqmrre-wuve modululing si~nuls undergoing tundpdss tillcring

is then eqmd to W, m givtn in Eq. (1 2).1

It is inslrtwlivc to rwticc th:tt, when lxmJpMs Iillcring is
obscnl, i.e., wlIen cr,t = I ml 0,, = O. u in ~q. ( I I 1 bcctmkw

“

x( )41:=2v. (1-t)
nzk+l

~.()

y(t) = + Cos 2 (wt.r + 0) (15)
.

which is ClCurly Illc 2QC cwnponcnl in Ilw squ:lrcd sigil;d
13(r)]2 when tlw fillcring ctTccl is ncSligiblc.

Lk+l = -fl-:k+,

then it is cle:lrly.true (rent I!q. ( I 2) tlIo I q’ = O, i.e., llh*rr will
be no pkrse 511111,For a gcncrul lxmlpms Ch:lrm’tcrislic such
th:lt Eq. (16) does not rwcess:!rily hold, IIw phosc shift W is
given by Eq. (12).

whcrt

k=O—. J

E c,&,, c~si~,&+,‘fl-,:k+,,l
k=O ~

(11)

(12)
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111.Numerical Resuits

Currcnlly the X-b:md muwr pussbwsd - I dB Ixmdtt;idth in

Ihc Block Ill ur Block IV rwxivcrs is ~bout 40 k!llz, To

rcccivc mullinlcg:lbil Iclcmclry wilh dul~ rules up 1030 hlUPS

:11tlw DSN in Ihc 19SO”S il is impcrulivc 10 incrctisc the m:lscr

Ixlndwidlll. II is tissunwl here thul lhc fulurc rouser will IMVC

an cquiv:tlcnt boscbund b;lndwidth of ~bout 100 Klllz. in order
to receive dutu rutes up to 30 hlUPS. Without mrilable d~tn on

the fulurc nwscr. the tscsl onc can do at lhc prew*nt is 10

msunlc u ccr~:lin b~ndpass chanrc!eristic for it und evalutw the

ph:lse shill effect on tlw rccunstructcd carrier, in the presemw

of Dopptcr offsets. This IMS been performed cxpcrimcntully

(Ref. 2). The cxpcrimcnt was actually pcrfornwl irt IF. hut

WM intcndctl to simulate the effect of rmrscr filtering. A

two.pole Tchcbychcff bandpuss chmrcterislic wis used to

simukr[c [ttc mxser b:tndpass cllarticteristic. The circuit diugrwn
of this b:tndpuss tlltcr is iltustroted in Fig. 2. It IMS ccntcr

frequency u{ Ille 10 hll Iz IF and o 1.dB bwrdwid(h of 3S0

KI Iz, This IKM Ilwn a b:lndwidth roughly cquul to tl}rec tinlcs

Ille d:t[u ralc of 100 KDPS, whic!l is onc of [1M2&sta riles used

ill the tcs[s rcpor[cd in Ref. 2. TIIC wnplitude and phase

rcsponsts of this bondp:lss cllur~ctcristic ure plotled in Figs. 3

and 4 rcspcctivcly. w phmc shili in the rccons!ruclcd carrier

in tlw rcsidu~tl curricr loop case, in the presence of Doppler, is

busicutly eqwll to the plwsc response of this filter al the

dct nncd frcqucnuy. For the cuse uf CosIm loop tlcmodulalion.

the phosc shift W cun bc computed fronl Eq. (12). with Ihc

inf(wm~ti{m :Iwil:tblc in Figs. 3 and 4. The computed result is

illustr:ltcd in Fig. 5, It is observed (hot a Doppler OITSCI of

100 kl Iz con only produce a phwe shift of 25 dcgrccs. The

Doppler OITSC1 of I 00 k112 corresponds 10 an offset of one

d:tto r~tc, which corrcspontis to onc.third of the rwrser l.tiB

Ixmdwidth ussurncd. \Vllen these results are trunslsted to the

futurt nmcr with u 1.dB bandwidth of 100 Klllz (i.e.. 3 tirncs

the nluxitnum dtitu rule 0(30 klSPS), il cull bc prcdi~.lcd [htil J
phOSC Sl)ift (If ~s dcgrccs in Illc C(JstOs 100}1’s rcc(wstru~’lcd

curricr will resull when Ihcre is u I)tqqdcr (JII’wI or .:0 \ll I/.

This, of course, ussumt’s that tht two.pole TClWbyLolIclI’

clwr:lctcristic is a goml upproxitn:llion 10 the m:lscr p;MslMnd.

Also shown in Fig. S is the phmc shift tlI:It Ihc wsiduol t:lrrict

loop will sufftr in the prtscncc of Doppltr offwls, f(~r tllc

some ptis;!~:lnd clurructerislics ussunmt. II wrn bc svcn friml

Fig. S tlur! the plume shift in the Cost:Is Im)p”s rccmlslructtd

crrrier is only slightly worse IIurn 111:11or the wsidu; tl c:lrlicr
loop.

iV. Conclusions
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Fig. 2. Btock diagram of the two-pofe Tchebycheff fitter ueed to
elmulate the maeer charscterlsllc

ASSUME MASER l.dB &ANDwIDTH

o -
* 3.s TIM2S THE ~x. DATA RATE

-5 -
mv

.
~

2
g .10 -

~

]

.15 -

-20

t

.?5 1 I I I 1 I 1 1 1

-10.0 -8.0 -6.0 .4.0 -2.0 0 2.0 4.0 6.0 8.0 10.0

CfNTfRED FREQUEW, IN TERAK OF DATA L41E

Fig. 3. Amplltude response of the BPF used to slmulale the maeer chmaclerls!lc

110



l@~- 1 1 I 1 I 1 I

140 --

120 --

103 --

B?--

m .-

40 .-

20 -

0-

-20-

ASSUME MASER l-dB BANDWIDTH
.4 0- * 3.5 TIMES THt hWX. DATA RATE

- 60-

- 80-

-1co-

-120-

1 I
.1 40 I I I 1 I 1

-2.0 0 2.0 4.0 6.0 0.0 1
.10.0 -8.0 -6.0 .4.0

CCNTERED FREQU[W IN TERMS OF DATA RATE

Fig. 4. PIUW rospon- of tho BPF UOUI to slmuhto the maw charactorlotlc

111




